Sea fishing is one of the sectors with the highest risk of illness and work-related accidents. The purpose of the study is to evaluate the exposure of fishing workers to three major risks: biomechanical overload, noise, and whole-body vibrations. We used common methods and measurement tools in the field: observational video analysis, questionnaires, and direct measurement. Noise and vibrations levels were measured aboard five boats belonging to the main fishing communities of Southern Italy. The random sample consisted of 310 workers, of whom 108 agreed to complete a questionnaire to collect data on the perception of occupational risk and self-perception of health conditions. We found that fishermen had a high prevalence of osteoarticular pathologies (42%) and that the biomechanical overload risk is mainly related to handling manual loads. Furthermore, the results indicate that the levels of weekly noise exposure exceed the exposure limit value of 87 decibel A (dBA) for fishing workers, and that the most noisiest area is the engine room. Exposure levels to whole-body vibrations were below <0.5 m/s 2 . Knowledge on occupational hazards and health effects in the fisheries sector should be used to develop ship technology, raise awareness of the correct use of personal protective equipment, and improve health surveillance of these workers.
Introduction
Fishing plays a crucial role in employment and economic activity in several countries globally, with 40.3 million engaged workers [1] . In Europe, Italy is one of the countries with the highest level of employment in this sector; in particular, the Apulia region has high fishing activity, involving 6000 employees and 1962 fishing vessels [2] .
Sea fishing is one of the sectors with the highest risks of illness and work-related accidents. Indeed, this professional group faces a set of adverse working conditions that can cause serious injury or damage to their health [3] . The International Labour Organization (ILO) states that the fishing sector has one of the highest workplace fatality rates, with approximately 24,000 worker deaths each year [4] .
According to the World Health Organization (WHO), maritime work presents specific occupational risks. Among these are risks related to physical agents (e.g., ultraviolet radiation, extreme weather conditions, noise, and whole-body vibrations), biological agents (e.g., bacteria, viruses, fungi, toxins, and parasites) and psychosocial stressors, such as fatigue, excessive and irregular working hours, limited vessel space, lack of quality of sleep, and lack of hygiene [5] .
On fishing vessels, the risk of biomechanical overload is mainly due to prolonged tasks in awkward positions, such as pushing and pulling, the manual handling of heavy loads and repetitive hand-arm movements [6, 7] . These tasks are performed on an unstable platform and generally in a cold climate, leading to greater tension in standing workers. Therefore, workers on fishing vessels, similar to other professionals, are exposed to several risk factors that contribute to the development of work-related musculoskeletal disorders (WMSDs) [8, 9] .
Furthermore, these employees can be exposed to inhaled toxicants (i.e., gasoline, diesel oil, lubricants, gases, and vapours) and carcinogens, such as polycyclic aromatic hydrocarbons (PHAs), caused by the incomplete combustion of organic materials (i.e., coal, oil, petrol, and wood), or asbestos [10] [11] [12] [13] [14] [15] . This mineral was widely used in the construction of hulls, hydraulic hoses, containers and engine rooms before it was classified as carcinogen in humans by the International Agency for Research on Cancer (IARC 1973) [16] .
Although there is a high prevalence of chronic diseases among workers on fishing vessels compared to the general population, these workers are rarely subjected to health surveillance programmes. In particular, the fishing sector is characterized by a high prevalence of osteoarticular diseases (57%), followed by hearing disorders (27%), allergic diseases (23%), cardiovascular diseases (13%), respiratory illness (12%), and skin disorders (8%) [17] .
In Italy, the regulation of the protection of workers' health and safety on merchant shipping and fishing vessels is regulated by legislative decrees n • 271 and n • . 298, established in 1999, and the Ministry of Health is responsible for the health monitoring of ship workers by physicians of the Sea and Air Border Health Department (ISMAF), as well as occupational physicians [18, 19] .
There are few studies about occupational risk in fishing sector. Svendsen et al showed high noise levels in engine rooms (range 96-108 dBA) and lower values in the control cabins (range 70-90 dBA) on board Norwegian ships [20] . In Italy, Rapisarda et al conducted a phonometric study on six fishing vessels and they also found that the equivalent sound pressure level in the engine rooms consistenly exceeded 90 dBA on all vessels [21] . Later, also Perretti et al. recorded values close to 90 dBA in the same rooms [22] . A recent study carried out on the Gulf coast fishing vessels highlighted dangerous noise levels in engine rooms ranging from 94.8 to 105.0 dBA [23] .
Ship noise is gaining a lot of attention also from a noise impact on citizen's point of view. In fact, knowing the emitting source, is important to avoid noise high noise exposure and noise complaints to citizens living in the nearby of port and avoid the well-known effects compromising people health [24] . In order to prevent these, also in port areas, in the very recent years, studies are growing exploring the noise emitted by ships, with a special focus on fishing vessels [25] .
As regarding to vibrations, Pinto et al found that daily exposure to vibrations on board fishing vessels varied according to sea conditions with values ranging between 0.2 and 0.3 m/s 2 [26] .
The high prevalence of musculoskeletal disorders (MSDs) in fisheries is confirmed by several research studies. A cross-selectional study in a sample of 465 fishermen revealed that the prevalence of musculoskeletal symptoms was 61% (95%; CI: 56.6-65.4%) [27] . In a recent study Frantzeskou et al conducted an interviewer-administered questionnaire to a random sample of 172 fishermen in North-Eastern Greece and they found high prevalence (77%) of MSDs in group over 50 of age [28] .
Of all the different and numerous risks to which workers are exposed in fishing activities, in our study we focused on the following three major ones: biomechanical overload, noise, and whole body vibrations. The purpose of the paper is to evaluate the exposure of fishing workers to these risks in 310 fishermen of the main fishing communities of Apulia Region, Southern Italy.
Methods
Data were extracted from the "The Safe Fishing Project", which aims to characterize the risk factors to which workers on fishing vessels are exposed in the course of their employment in the main fishing communities in the Apulia region [29] . The overall sample consisted of 310 workers, of whom 108 (34.8%) participated in the study. The selection of the sample was carried out on a random basis and the 108 participating fishermen expressed interest in a survey of occupational risks aboard their vessels, such as and biomechanical overload, noise, whole-body vibrations.
The five fishing vessels involved in the study had a gross weight of less than 20 tons, a length of less than 24 metres and wooden decks and hulls. The fishing type performed was "trawl fishing". Table 1 shows the working time on board. 
Biomechanical Overload
Risk assessments were performed for different types of fishing, such as trawl fishing, longline fishing, and mussel cultivation, by applying the ISO 11228-1/2/3 standard [30] [31] [32] .
The ISO 11228-3 standard chose OCRA (Occupational Repetitive Action) as the preferred method to measure the risk of biomechanical overload of the upper limbs. The OCRA checklist is used to draw up an initial map of the risk of the presence of repetitive work. The map makes it possible to determine what proportion of the jobs or tasks can be classified as green (no risk), yellow (significant or borderline risk), red (medium risk), or purple (high risk) [33] . According to ISO 3, the rapid upper limb assessment (RULA) method is among the other methods used to assess the risk of biomechanical overload of the upper limbs. RULA is a screening tool that assesses biomechanical and postural loading on the whole body with particular attention to the neck, trunk, and upper limbs. A RULA assessment requires little time to complete and the scoring generates an action list which indicated the level of intervention required to reduce the risks of injury due to physical loading on the operator [34] .
The evaluation of the repetitive upper limbs movements was carried out by the researchers. The worker's body posture was recorded during the whole working day (about 16 h) by a video camera. It was recorded carefully from beginning to end of the work by direct observation method employing video-photography on the job (Figures 1-3 ). 
Noise
A Svantek 948 multichannel-Svantek Italy Srl, Milan-analyzer (equipped with a microphone, preamplifier, and Svan PC acquisition/processing software) was used to measure the sound level. Risk assessment was performed by applying the UNI 9432 and UNI EN ISO 9612 standards [35, 36] .
Phonometric measurements were carried out during both the navigation phases and fishing activity phases. During the noise measurement procedures, we acquired the frequency values. The values were acquired in one-third octave band measurements from 20 Hz to 20,000 Hz.
Surveys were conducted in various areas of the boats, such as the aft deck, the central deck area, the engine room, the interior of control cabin, the lunchroom/kitchen, and the rest area of the berths.
The boat areas and the activities identified for phonometric measurements were agreed upon during an interview with the operating staff (Table 2) . Table 2 . Activities and measurement stations. To evaluate the risk of biomechanical overload, negative factors, such as platform instability, thermal excursion between cold rooms and external environments and extreme weather conditions, were considered.
Activities

Measurement Stations T Exp Sunday (m) T Exp Weekdays (m)
Noise
The boat areas and the activities identified for phonometric measurements were agreed upon during an interview with the operating staff (Table 2) . 
Whole-Body Vibration
Whole-body vibrations were measured by a Svantek 948 multichannel-Svantek Italy Srl, Milan-analyzer (equipped with Bruel & Kjaer 4322 tri-axial accelerometer and Svan PC acquisition/processing software), and by applying the UNI ISO 2631-1 standard [30] .
The measurements of whole-body vibrations were also carried out during normal navigation to reach the fishing zone and during fishing activities.
Similarly, measurements were conducted in the same areas of the ship used for the phonometric surveys.
In the control cabin, the measurements of whole-body vibrations were performed both during the return to port and while seated or on the cabin floor.
The boat areas and the activities identified for whole-body vibration measurements were agreed upon during an interview with the operating staff ( Table 2 ).
Questionnaire
The 108 workers on fishing vessels filled out a questionnaire to collect data on the perception of occupational risk and self-perception of health conditions.
The questionnaire was designed and distributed via a pilot study with a sample of 25 fishermen. Based on this pilot study, the questions and the possible answers were revised. Qualified personnel administered the questionnaire to fishermen during their work activities. Before answering the questions, the participants who consented to the study were invited to attend a short briefing in which the purpose and methods of the study were presented. The survey was divided into four sections. The first section included general questions about age, sex, nationality, marital status, job title, daily working hours, and length of employment. The second section included questions regarding work and perception of occupational risk (e.g., excessive physical effort, noise, uncomfortable working conditions, quality of life), and in the last part of the questionnaire, workers were asked questions about self-perception of health conditions (e.g., visual disturbances, hearing disorders, skin changes, cardio-respiratory disorders, lower back pain) and training/information available at the workplace.
Results
Biomechanical Overload
There was found a high risk (red band), in particular, as Step 1 (repetitive/duration of movements) demonstrated that the 'work activity provides repetitive movements for more than 4 h total in a normal working day'. Step 4 (recovery periods) suggested that the work was carried out for more than 1 h continuously or without changing tasks. The following section describes the results achieved considering the main fishing techniques.
Trawl Fishing
Trawling is a fishing method that involves pulling a fishing net (generally a conical shape) through the water behind one or more boats. These nets rest on the bottom to collect the catch. Fishermen commonly use bottom trawls to catch shrimp and bottom-dwelling fish like halibut and sole.
The risk related to biomechanical overload is mainly due to handling manual loads, especially during the transport of fish from transom to refrigerator on the bow and from refrigerator to the quay. This working process can be repeated four or five times within every 24 h of activity. According to the ISO 11228-1 standard, the risk index of this task is >0.9. When risk index is between 0.76 and 1.25 the adoption of preventive measures proves to be not necessary [37] .
The risk associated with repetitive hand-arm movements is mainly due to the selection of capture loads and placing the fish in boxes. According to the ISO 11228-3 standard, the risk index of this task for both upper limbs in the "light red band" (OCRA checklist method).
The dropping of fishing nets and the selection of catch were the tasks with major risks of awkward positions, classified in the "red band" (RULA method).
Longline Fishing
Longline fishing, or longlining, is a commercial fishing technique. It uses a long line, called the main line, with baited hooks attached at intervals by means of branch lines called snoods (or gangions). Longliners-fishing vessels rigged for longlining-commonly target swordfish, tuna, halibut, sablefish, and many other species.
The risk related to biomechanical overload is due to the transport of fish boxes (10 boxes with an average weight of 7 kg each) and the charging and discharging of longline boxes (three boxes with an average weight of 50 kg). The loading, unloading and transport of loads are all carried out by hand in the absence of equipment aids.
According to the ISO 11228-1 standard, the risk index of this task is >0.9 and therefore the adoption of preventive measures proves to be not necessary. The risk associated with repetitive hand-arm movements is related to lowering fishing hooks into the sea and their withdrawal (approximately 3000 hooks).
According to the ISO 11228-3 standard, the risk index of this task is classified in the "purple band" for the right upper limb and the "light red band" for the left upper limb. With regard to the withdrawal of hooks, the index risk is classified in the "red band".
Mussel Cultivation
Mussel cultivation was conducted using longlines. This system consists of a series of long horizontal thick ropes which are buoyed by a number of suitable floats. This equipment is anchored in place by concrete blocks. Thin vertical ropes to which the mussels (mussels row) are attached are hung from the horizontal lines.
The risks associated with handling manual loads occur during the withdrawal of mussel rows, placing them on conveyor belts, packaging mussel sacks, and transporting waste-product boxes. All these tasks are carried out by manual handling. According to the ISO 11228-1 standard, for this type of working activity the risk index is >0.9.
The risks related to awkward positions and repetitive hand-arm movements are due to mussel sieving, mussel row cutting on the conveyor belts, fishnet preparation, and sowing activities.
According to the ISO 11228-3 standard, the risk index of this task is classified in the "red band" for the right upper limb.
Noise
According to the European Directive [38] , in the workplace, the noise exposure limits that must not be exceeded are a daily or weekly exposure of 87 decibels (dB), taking into account any attenuation due to hearing protection.
The following tables contain, for each vessel, the measured values of Leq (A) with the relative exposure times and the exposure values calculated (LEX, W).
The levels of weekly noise exposure (LEX, W) exceed the exposure limit value of 87 dBA for fishing workers. The activities with the highest sound levels-Leq dBA-were towing and hauling nets.
The highest value was found in the engine compartment (values between 106 and 109 dBA), while the sleeping berth had the least amount of noise (values between 70.5 and 78.8 dBA) ( Table 3 ). A noise frequency analysis was also conducted for the five vessels during the port exit phase. This analysis showed the following:
•
High noise levels were approximately 63 Hz; this frequency was due to engine operation (engine speed), and there was a noise decay between 800 and 20,000 Hz.
Workers on fishing vessels are mainly exposed to low-frequency sounds (<2000 Hz).
Whole Body Vibration
The following table contains, for each vessel, the measured values of Aw(max) with the relative exposure times, and the daily exposure limit values (ELV) measured by a formula known as an A(8) value. The daily ELV is the average exposure (A) over 8 h (8) days and takes into account the magnitude of the vibration and the duration of its exposure.
During the whole-body vibration measurement procedures, we acquired the frequency values. Regarding whole-body vibrations, according to UNI ISO 2631-1, the considered values were those in the frequency range of 0.5-80 Hz.
For workers on fishing vessels, exposure levels to whole-body vibrations were below the exposure limit values set by council directive 2002/44/EC (<0.5 m/s 2 ) ( Table 4 ) [39] . The UNI ISO 5349 and UNI ISO 2631 standards underscore the need to calculate measurement uncertainty; however, within these documents, the calculation method for the uncertainty is not outlined, nor is there any reference to other texts. The analysis of these data showed the following:
• Whole-body vibration results showed a spike at 0.8 Hz related to wave-powered operation and a spike at 63 Hz related to engine operation.
•
The high frequencies of vibration were concentrated at 1-2 Hz, 80 Hz and 800 Hz.
Questionnaire
The 108 fishermen interviewed are all male, mostly married (72.3%), with an average age of 49 years and average working age of 28 years. Data collected through the questionnaires on the perception of work risk and on the self-perception of health conditions showed the presence of the following: osteoarticular disorders (42%), cardiovascular diseases (24%), digestive disorders (7%), urological diseases (9%), diabetes (6%), skin alterations (4%), respiratory diseases (3%), and other (1%). The most common type of musculoskeletal symptom was back pain followed by shoulder joint pain, knee joint pain, and wrists joints pain (Table 5 ). Table 5 . Prevalence of musculoskeletal symptoms.
Symptoms Prevalence
Back pain 43.5% Shoulder joint pain 23.0% Knee joint pain 16.5% Wrists joints pain 11.0% Other 6.0%
Discussion
In many countries, including Italy, the fishing sector has, at least in part, gaps in the systems of laws, regulations, and measures that protect the health and safety of workers. Because of this lack of attention from competent authorities, there are no exhaustive data on occupational hazards and health surveillance programmes [40] [41] [42] .
The high prevalence of WMSDs in fisheries has been confirmed by several research studies [43] [44] [45] [46] . A recent Danish study concluded that although there were improvements in working techniques, there were still no optimal ergonomic conditions in this sector, and workers on fishing vessels represent a professional cohort at high risk of WMSDs (e.g., pain in lower back, hands, or wrists) [47] . Although our study evaluated a significant number of risks on board fishing vessels, there were some limitations, such as the lack of personal exposure measurements with dosimeters and the absence of risk assessment of hand-harm vibrations considering ISO standard 5349. The results of the analysis of work cycles for the different fishing techniques and the data collected from the questionnaires on the perception of work risk and the self-perception of health conditions showed that workers on fishing vessels were exposed to a high risk of biomechanical overload resulting from different fishing tasks. In a study conducted in 2013, an interviewer-administered questionnaire was distributed to a random sample of 172 workers on fishing vessels in north-eastern Greece, and the authors found results comparable to ours [28] . In particular, the risks related to repetitive movements of the upper limbs were mainly due to the selection of catch, withdrawal of hooks and sieving of mussels, while the risks from the manual handling of loads were the greatest during the lifting and transporting fish and packing of mussel sacks. The high prevalence of MSDs among fishermen was also confirmed in a cross-selectional study conducted from August to October 2011 involving 465 Indian fishermen [27] .
Analysis of the questionnaire data showed that the most frequent musculoskeletal symptom was back pain (43.5%) followed by pain in the shoulder joint (23%) and pain in the knee joint (16.5%), in agreement with previous studies [43, 47] . Instead, Harshani et al. (2015) found a higher prevalence of knee joint pain than that of joint pain in the shoulder [27] .
The data obtained from the measurements performed on fishing boats in the Apulia region highlighted that the levels of weekly noise exposure (LEX, W) exceeded the exposure limit value of 87 dBA for workers on fishing vessels. The activities with the highest sound levels Leq dBA were towing and hauling nets.
The highest sound level was found in the engine compartment (values between 106 and 109 dBA), while the sleeping berth had the least amount of noise (values between 70.5 and 78.8 dBA).
Rapisarda et al. conducted a phonometric survey aboard six fishing vessels carrying a crew of less than six fishing in the mid-Adriatic and they found that in the engine rooms the equivalent sound pressure level consistently exceeded 90 Db(A) on all the vessels [21] .
In addition, the data obtained from the study conducted on five ships of the Chioggia's fleet are in line with those of our study and confirm high sound levels in engine rooms followed by the central areas and the sterns of the fishing boats [22] . Some investigations carried out on board Norwegian ships also recorded noise levels between 96 and 108 dBA in engine rooms and between 70 and 90 dBA in control cabins [20] . A recent study carried out on the Gulf coast fishing vessels highlighted dangerous noise levels in the same engine rooms (values between 94.8 and 105.0 dBA) and a significant hearing loss for fishermen with most experience in fishing activity [23] .
The engine room is an important source of noise on board fishing vessels because it is responsible for propelling ship and generating electric power. Kaerlev et al. showed that noise-induced hearing loss was a frequent health problem among men working in the engine rooms of ships and showed that compared to other seafarers, engine room staff had a relative risk ratio of 2.39 (95% CI: 1.74-3.26) [48] .
As exposure to loud noises, such as in engine rooms, is unavoidable on fishing boats, hearing protection within these areas is mandatory. Devices for hearing protection including earplugs or earmuffs can be easily sourced and used on board [49] . Neitzel et al. showed that the use of hearing protector devices during working activities reduced the average exposure by about 10 dBA, but not all workers wore them consistently due to communication demands [50] .
Although we found different noise levels among the various areas of the ships, there is no soundproofed engine room on our fishing vessels and the noise is easily transmitted to the close rooms, especially in the smaller fishing vessels.
The frequency analysis of noise showed that the workers on fishing vessels were mainly exposed to low-frequency sounds (<2000 Hz). These data were in contrast with the measured data from industrial activities [51] . Noise pollution has negative effects on environmental and human health. Low-frequency sounds associated with constant noise exposure could result in acoustic damage, cardiovascular and gastric disorders, and sleep disorders (extra-auditory effects) [52] [53] [54] . For fish, whales, and other marine animals, intense underwater noises caused by explosions can cause acoustic trauma and even death. Furthermore, noises from ships and boats can disturb their ability to find food, mates, or avoid predators [55, 56] .
On board fishing vessels, workers are also exposed to vibration for long and continuous periods. These vibrations may cause several negative effects on human health, such as pain in the back, neck, hands, shoulders and hips, as well as cardiovascular and gastrointestinal problems [57] [58] [59] .
Pinto et al found that daily exposure to vibrations on board fishing vessels varied according to sea conditions with values ranging between 0.2 and 0.3 m/s 2 [26] . This data is in line with the results of our study.
Even if the values recorded on the fishing vessels did not exceed the action level (0.5 m/s 2 ) established by the European Directive, workers were subjected to constant muscle tension. Several studies demonstrate that awkward body positions which increase muscle tension during working activities contributes to the onset of musculoskeletal disorders [60] [61] [62] . This phenomenon is due to excessive force on the joints and overload the muscles and tendons around the articulation performed. However, these results cannot be obtained from our study.
The strength of the study lies in analysing three important risks to which fishermen are exposed in the context of a region with high fishing activity. The study showed that fishery workers have a high prevalence of work-related diseases that must be carefully assessed in the context of health surveillance. Although our study assessed a significant number of risks on board the vessels, there were some limitations. In particular, there are no personal exposure measurements with dosimeters and a not very large sample. Furthermore, there were difficulties in finding more technical information on fishing vessels (not accessible at the time of the study) and in recruiting participants. The low level of education of the fishermen who participated in the survey may have a negative effect on their awareness of the topic of the study and on the quality of the data provided by them. Moreover, it was difficult to have a qualified staff prepared to face the difficult working conditions to which these workers are exposed.
Conclusions
The preliminary data of this study suggest that workers on fishing vessels are exposed to numerous risks. In particular, risks related to biomechanical overload, noise and whole-body vibrations represent major health problems for workers on fishing vessels. Knowledge about occupational hazards in the fishing sector and the consequent health effects should be utilized to improve vessels and develop new technologies. Moreover, these data can be used to raise awareness of the correct use of personal protective equipment, and to carry out adequate health surveillance of workers exposed to these occupational risks.
